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High-speed Magneto -optic Modulator 

This Application Claims Priority From United States 
Provisional Application Serial No. 60/419,112 Filed October 18, 
2002 which is hereby incorporated by reference in its entirety. 

5 FIELD OF THE INVENTION 

The invention relates to optical telecommunication 
systems and more particularly to magneto-optic modulation of 
optical signals. 

BACKGROUND OF THE INVENTION 

10 As information processing requirements for 

telecommunications and optical data networking increase, the 
demand for high bandwidth devices grows. High-speed modulators 
are key components for wideband optical transmission systems. 
While much research has been devoted to modulation schemes 

15 employing electro-optic or acousto-optic effects, little 

attention has been paid to modulation techniques involving the 
magneto-optic (MO) effect. Typical high-speed modulators 
utilize electro-optic effects in nonlinear crystals, 
semiconductor structures, and organic polymers. Alternative 

20 high-bandwidth modulators based on the magneto-optic (MO) 
effect have not been fully explored due to the lack of MO 
materials with ultrafast response times and high Faraday 
rotation. 

SUMMARY OF THE INVENTION 

25 According to a first broad aspect the invention 

provides for a magneto-optic modulator having an optical 
waveguide having a magneto-optic active medium, a biasing 
magnetic field generator adapted to apply a biasing magnetic 
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opt ic active medium, .V ^ lBBtl o. moduiator causes 

modulation of an op 

WaVe9Uide ' f the invention, during 

in some embodiments of t r the optical 

oration of the Ind the biasing 

stg nal propagates x» a magnetic fl eld 

0 magnetic field gener ated y ditection an d has a 

*~r- is oriented m a seco . t direction, 

generator i> or oerpe ndicular to the first 

significant component perpen 

_ ^ th e invention, tne 

:=r ~ rrs~ ^ — — - 

^, „ active medium. 
ma gneto-o P trc ^ ^ magneto _ 

In some embodiments of th t substi , u ted 

, ic active medium comprises a rare 
25 optic active 



Cr ° n GatnSt ' of .he invention the magneto- 

xn S ome e^odiments of v « ri um Iron 

optic active medium comprises 



Garnet IBi-rXG) - 



Oct-20-03 15:53 From-Fetharstonhaugh LP «I32328440 T-108 P. 01 1 F-732 



in some embodiments of the invention the biasing 
magnetic field generator is adapted to apply a biasing magnetic 
field such that the magneto-optic modulator operates xn a non- 
resonant state. 

in some embodiments of the invention the biasing 
magnetic field generator is adapted to apply a biasing magnetic 
field such that the magneto-optic modulator operates in a 
resonant state. 

in some embodiments of the invention the biasing 
L0 magnetic field generator is adapted to apply a biasing magnetic 
field having a magnetic field strength such that a signal 
Adulation caused by the magnetization modulator has a our 
: pec trum whose DC to 3-dB point frequencies lie in a relatively 
fla t region of a frequency-amplitude curve of the magneto-optxc 
15 modulator below a ferromagnetic resonance frequency of the 
magneto-optic modulator, whereby the magneto-optic modulator 
operates in a non-resonant state. 

I» some embodiments of the invention the biasing 

^=^i-ori t-o aDDlv a biasing magnetic 
magnetic field generator is adapted to apply a 

20 field having a magnetic field strength such that a ^ 

modulation caused by the magnetization modulator has a Fourier 
spectrum whose pea, frequencies lie in a peaked region of a 
frequency-amplitude curve of the magneto-optic modulator 
substantially at a ferromagnetic resonance 

mn rf„iator whereby the magneto-optic modulator 
25 magneto-optic modulator, wnereuy 

operates in a resonant state. 

in some embodiments of the invention the first 
direction and the second direction are substantially 
perpendicular to each other, and the second direction and 
30 third direction are substantially parallel to each other. 
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In some embodiments of the invention the magneto- 
optic active medium has a thin film oriented in a plane defined 
by the first and second directions. 

Some embodiments of the invention provide for a 
5 cladding layer in contact with the magneto-optic active medium, 
in which the conducting microstrip line is in contact with the 
cladding layer. 

In some embodiments of the invention the conducting 
microstrip line is in direct contact with the magneto-optic 
10 active medium. 

in some embodiments of the invention the biasing 
magnetic field is such that it causes a homogeneous static 
magnetization saturation in the magneto-optic active medium. 

In some embodiments of the invention the magneto- 
15 optic active medium is such that when magnetized it causes a 
Faraday rotation of polarization states of optical signals 
propagating through the magneto-optic active medium in a 
direction non-perpendicular to a direction of magnetization of 
the magneto- optic active medium. 

Some embodiments of the invention provide for a 
polarization analyzer for generating an intensity modulated 
optical signal. 

According to a second broad aspect, the invention 
provides for a method of magneto-optic modulation of an optical 
signal propagating through a magneto-optic active medium, the 
method including generating in the magneto-optic active medium 
a biasing magnetic field to generate a magnetization of the 
magneto-optic active medium, and generating in the magneto- 



20 



25 
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op tic acU. medium a magnetic field adapted to modulate • 
magnetization of the magneto-optic medium. 

According to a third broad aspect, the 

mtlo act ive medium a biasing magnetic field 

. of > nera ting in the magneto-optic active 
first direction; and generamny 

field in a third direction having a 
medium a magnetic » ^ firSt direc tion for 

*ianif leant component. paraiJ-ex 

Elating a magnetization of the magneto-optic medium. 

!„ some embodiments of the invention, the biasing 
maonetic field is such that the step of generating in the 
to optic active medium a magnetic field adapted to 
, magneto-optic ^ magn eto-o P tic medium causes a 

modulate the magnetization oi. 

.««. to «. ..gn.to-optio 

In ,o»e .«*oCi.«nts of th. invention, th. bi-in, 

„U in the m.gn.t.-optio medium. 
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30 ferromagnetic resonance freguency of the magneto-optic 



Oct-20-03 15:53 From-Fetherstonhaugh LP 



+6132328440 



T-108 P. 014/053 F-732 



resonant state. 

„ nf th> invention, the biasing 
In some embodiments ^ that 

aa gnetic fi e ld has a magnetxc ^ a magnetic fiel d 

> generating in the magneto-optxc act, magneto _ op tic 

medium causes an optxcal sxg Qf & 

spectrum whose pea, fregue - ^ « P ferr omagnetic 

Some embodiments of the invention ^ ^ * ~ 
passi ng the optical signai through a « » ^ 
%r*r it has passed through the magneto-optxc a 

„ •„„ to . lourah broad asp.ot, th. invention 

w aaao-o pti c .oaavo -*» -J ^ „, alum 

opalo.l .igaal P.."«9 <*•""» » „ a „ d .oapaod 

20 .ooaaaa paoa^.a. * '^^l^ in , , ^ao.aaaaaoa .« 
to generate a magnetic fxei oass ed through said 

th e magneto-optic medium when a current xs pas 

conducting medium. 
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:;— rr;ir:r„: r ~« - — — - 

each other. 

■ i =r>ri t-h^ surface of the layer 

10 situated therebetween. 

a #^»4-.,^s of the present invention 
Other aspects and features or rne P 

review of the following description of specific 

the invention in conjunction with the accompanying figures. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be 
described with reference to the accompanying diagrams, „ 
which: 

„ s 1 i. , .cM-tio diw of . »1-»I8 
20 optl c c~.tt.~d >==°^ » • P-'—" — — ' 

of the invention; 

FIG 2 is a graph depicting a simulation of the time 
!- 7P d Faraday rotation at various biasing 
evolution of the normalized Faraday ro ,, a1 . lna 
r^netic fields for en input of three seguentxal modulating 
25 current pulses with a FWHH o£ 1 ns; 

F IG. 3 is a graph depicting a simulation of static TE 
„ TM mode conversion for constant magnetization along the - 
direction; 
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pulse widths of 1 Mr ^ V 
375 750 mT, respectively; 

and (9) 1-8 GH2," 

r • a g raph depicting ferromagnetic resonance 
F I G . 6 rs a graph P magnetic 
(FMR) frequency as a function of appl 
field, in which experimental values (•> 

, • - araph depicting frequency sweep curves 
FXG . 1 is a graph d p ^ ^ ^ 

foE peaK resonances which appear at. 
15 and c) 1 GHz; 

fig. . i. . •> . ";r;;: y x. 5 «. « 

the MO modulator, exhibiting a 
characteristics of the MC ^ ^ pulseS of 

f or lv-30 and Fourie ^ower P ^ ^ ^ ^ f) 

various FWHMs: b) 2 ns, O 1 ns, a, 



20 10° P s; 



25 



^\ ralculated and b) 

. s FWHM gaussian-liKe 
measured spectra of a . l8tlca of the MO modulator 

pulse, and C the frequency characte 

for by =15 mT; 

aD h of electrical inpur (dashed line) 
Fig. 10 is a graph of eiec 

, ,, ri , ine) of the MO modulator, 
and optical output (solid line) 

■ X1 is a graph depicting several electrical 

Fig- 11 1S a glay m „-, u red optical 

anri their corresponding measured o P 
driving pulses and their 
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adulation signals, the electrical driven, pulses being shown 
in the left-hand col- and the corresponding optical output 
signal fro, the MO adulator being shown in the right-hand 
column . 

rig. 12 is a graph of an a, electrioal driving pulse 
with a 10%-90% rise-time of 320 p., and the corresponding 
experimental output b) , c) , d) for b y =22, 39, 52 mT, 
respectively; 

Fig- 13 is a schematic diagram of a Bi-YIG magneto- 
optic modulator constructed according to an alternate 
embodiment of the invention; and 

Fig 14 is a schematic diagram of a Bi-xIG magneto- 
optic modulator constructed according to a further alternate 
embodiment of the invention. 

IS DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Modulators based on the MO effect in iron garnets 
offer a tunable operating frequency, excellent long-term 
ratability, and high thermal stability. As liquid phase 
epitaxy growth technologies for iron garnets advance, MO films 
20 of high optical quality with high Faraday rotation, low 

juration magnetization, and relatively low absorption in the 
infrared spectral window will give rise to a host of new high- 
speed magneto-photonic devices. 

Ear ly work by Tien et al. demonstrated MO modulation 
25 rates up to 80 MHz in a Y^So...**.^, W using a 

serpentine transmission line- This experiment established 
principle of MO modulation using iron garnet waveguide films 
Lis early worx by Tien et al. also demonstrated MO modulation 
rates up to 80 MHz in a ^Ga^Sc^Fe,.^ garner film using 
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periodic reversal of the magnetization. A mode conversion 
efficiency of 52% for transverse magnetic (TM) to transverse 
electric (TE) was reported. 

Current advancements in the growth of Bismuth 
substituted Yttrium Iron Garnet (Bi-YIG) materials have 
resulted in MO films with ultrahigh bandwidth capabilities and 
high Faraday rotation <10« deg/cm) . Advancements in the 
application of bismuth substituted yttrium iron garnets (Bi- 
YIC >. lutetium iron garnet (LuIG) , and terbium gallium garnet 
, (TGG) to microwave photonics has led to the realization of 

novel high-speed magneto-photonic devices, such as modulators, 
deflectors, and magnetic field sensors. In particular, HO 
modulators offer distinct advantages, such as tunable 
bandwidth, dual operational mode (resonant or non-resonant), 
5 and low absorption in the near and mid infrared 

re gion. Moreover, several fields of technology could utilize 
high speed polarization modulated optical signals produced by 
MO modulators, including but not limited to communications, 
spectroscopy, and high speed imaging. 

Further explorations demonstrating the high-bandwidth 
" capability of bismuth-substituted yttrium iron garnet (Bi-YIG) 
materials were performed by Elezzabi et al., specifically an 

,Y Bin .LuPr) 3 (FeGa) 5 0i2 garnet film was used 
ultra fast sampling (Yo.sBlo.^urr > 3 5 
to detect magnetic field transients produced by a 
25 lithographically patterned micro-coil driven with picosecond 
current pulses. The bandwidth of the sampling system has been 
demonstrated to scale with the ferromagnetic resonance 
freq uency and the system had a maximum detection bandwidth of 
82.3 GHz , revealing the high-speed response of Bx-YIG and its 
potential for MO modulation. Later experiments by 
al , usino a (BiLu) 3 Fe S C 12 game, film, showed a non-resonant MO 
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be for example 16 ml be used to eti 

tractive index as the ^« ^ optical wa veguide 10 (no. 
confine the -west order ^ Qf the cladding layer 

shown in the diagram) . Th ^ ^ embodime nt, the 

could be, for example, 1. !»■ ^ ^ ^ could b e 

measured Taraday rotat-n ^ ^ q£ titanium ma y 

UOOOVo. and -2500V-, -spec- V ^ ^ as 

3 be deposited onto the surfac transmission 
an adhesion layer for a thxo, n line 14 .ay be 

Xi ne 14, or alternative!*, the t ^ ^ ^ layer of 

Placed on the cladding lay- ^ ^ thlctoess of 

tit anium could be for example 1 ^ ^ ^ example 

15 the 5 0 O terminated transmi^ on X ^ ^ _ 

l00 ^. ^-^ dplanel Retransmission line 14- On 
sid e (no, shown) of the term mated ^ £rom . 

the edge of the £J „hich could for example 

continuous-wave drode lase polarize d (or a 

20 be an optical beam ^jj^ &nd TM poXarized) is focused 
combination of both ^ Bl . Y1Q optical wavegu.de 

and edge-coupled into the * ^ be set to taxe xnto 

XO. The active length of the dev. ^ ^ ^ 

account the ^^Z^ — <«* ^ 
2S wavelength. Magnetic fx.W 

. static biasing magneto fxeld 

W3 veguide structure, ™^*°™\ 0 ridge guides, photons 
be used including but not : c Qr spatia lly 

30 bandgap arrangements or structu 



modulated structures. 
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With respect to the function of the magneto-optic 
modulator, the biasing magnetic field, b y 18, is applied having 
a significant component perpendicular to the direction of 
propagation of the optical signal 16, z, thus ensuring 
5 homogeneous static magnetization across the film. A time 
varying current signal I (t) 20 propagating along the 
transmission line 14 in the y-direction produces a time-varying 
magnetic field b(t) having a component along the z-direction, 
b z (t) 22, underneath the microstrip line 14 within the MO 

10 active region along the direction of the optical beam 
propagation. The b s (t) component 22 acts to tip the 
magnetization, M, along the propagation direction of the 
optical beam 16. This field component by tipping the 
magnetization away from the y-direction also results in 

15 precessional motion of the magnetization. As a result of the 
Faraday effect, the optical beam experiences a rotation of its 
polarization, and a linearly polarized light beam 16 
propagating along the z-direction in the optical waveguide 10 
will experience a polarization rotation due to the component of 

20 the magnetization along the z-direction. The degree of modal 
conversion is proportional to the magnetization component along 
the direction of propagation. The static biasing in-plane 
magnetic field, b y 18, applied perpendicular to the optical axis 
ensures the return of M to its initial orientation after the 

25 passage of the electrical transient. The output 24 from the 

optical waveguide 10 is collimated, and if intensity modulation 
is desired, the polarization modulation of the output 24 may be 
converted into an intensity modulation via a polarization 
analyzer. The modulated intensity of the output beam 24 may be 

30 detected using high-speed light detectors. 

As described above, to drive the magnetization, the 
direction of the static biasing magnetic field, b y 18, is set 
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perpendicular to both the transient magnetic field, b, (t) 22, 
resulting fro, the propagation of a time-varying current signal 
I(t) 20, and to the optical propagation direction. For 
in-plane magnetic biasing arrangement the magnetization vector 
precesses about b y 18. The largest magnetization deflection i. 
achieved when the Bi-YIG is resonantly excited at its 
ferromagnetic resonance (FMR) frequency. The pea* FMR 
frequency can be tuned by varying the magnitude of the brasxng 
OC magnetic field, by 18. Depending on the desired application, 
th. modulator can be operated at the FMR frequency or below xt . 
However, for non-resonant operation, the modulation amplitude 
is expected to be lower than the resonant modulation case. 

With reference to the remaining figures, the 
performance and operation of the MO modulator is described. 

Fig 2 illustrates the temporal evolution of the 
normalized Faraday rotation in response to the application of 
for example 500 mA Gaussian current pulses with for example a 
full width at half maximum (FWHM) of 1 ns. A peak transient 
magnetic field, b 2 = 50 mT, due to this example current pulse 
,0 is calculated at a distance of 2 ^ from the simple model of a 
current carrying transmission line. The temporal shape of 9 r 
varies as the biasing magnetic field changes. For low bxasxng 
magnetic fields, the rotation shows distinct 
amplitudes and frequencies are strongly correlated wxth the 
25 plane biasing magnetic field. It has heen shown previously that 
Le origin of such oscillations is due to the f erromagnetrc 
precession of the magnetization (ferromagnetic resonance) xn the 
presence of stat ic and ti.e-varying magnetic fields. For a given 
value of a static magnetic field, the tipping angle of the 
30 magnetization vector is proportional to the spectral density 
the current pulse on resonance. 
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having a saturation magnetization and measured specific Faraday 
rotation respectively of 9 mT, and -54 00 deg/cm (at 800 nm) . 

Fig. 5 illustrates an example resonant output of the 
example MO modulator for various example driving signals. A 
5 low electrical drive power of only 34 mW was used to operate 
the device between 1 MHz and 1.8 GHz. Here, the amplitude of 
the current sinusoid was kept constant at 74 mA pp , corresponding 
to a peak-to-peak magnetic field strength of -0.3 mT at the 
center of the MO region. The biasing field strengths are 
10 adjusted from 6 mT to 4 5 mT to maximize the signal amplitude at 
each frequency. In order to ensure a resonance condition for 
each of the driving sinusoids, resonance tuning at the driving 
frequency was accomplished by varying the external biasing 
magnetic field to maximize the modulated signal amplitudes. 

15 Fig. 6 illustrates typical resonant frequencies, from 

400 MHz to 1.1 GHz, as a function of the applied biasing 
magnetic field. The experimental data exhibits a linear 
relationship, with a slope of 42 GHz/T over this frequency 
range. 

20 To demonstrate the non-resonant operation of the MO 

modulator and, thus, its high bandwidth capability, an FMR 
frequency was selected and the driving frequency was swept over 
the range from 1 MHz to 1.2 GHz while keeping the biasing 
magnetic field fixed. Fig. 7 shows the frequency sweeps at 

25 three FMR frequencies, 500 MHz, 750 MHz, and 1 GHz with 

corresponding biasing fields of 8, 14, and 20 mT, respectively. 
The curves reveal the same overall behavior, peaking at the 
selected resonance frequency. 

Interestingly, the curves exhibit a relatively high 
30 response below the peak resonance. For the 500 MHz, 7 50 MHz , 
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and 1 GHz FMR frequencies, these levels correspond to 33%, 21%, 
and 14% of the resonance peak amplitude, respectively- This 
offers the possibility of operating the MO modulator off its 
FMR frequency at the cost of lower signal modulation amplitude. 
5 Such a mode of operation is desirable, as in the case of return 
to zero switching formats, where a large and nearly uniform 
bandwidth is required. Figure 7 illustrates that by utilizing 
ferromagnetic precession in a Bi-YIG film, two modes of 
operation (resonant and non-resonant) may be selected from. 

10 Figures 8 through 12 are in relation to an example MO 

modulator having an magneto-optic active region of 60 urn, and 
having a saturation magnetization and measured specific Faraday 
rotation respectively of 9 mT, and -5400 °/cm (at 800 nm) . 

In order to achieve high-frequency MO modulation, the 
15 modulator bandwidth should encompass all the spectral 
frequencies that comprise the modulating current pulse . 
Ideally, a constant spectral response provides distortion-free 
pulse representation if the frequency components, from DC to 
the 3-dB point of the Fourier spectrum of the electrical pulse, 
20 are uniformly weighted. To characterize the MO modulator 

bandwidth near 1 GHz, single frequency, constant current (74 
mApp) electrical signals from a microwave oscillator may be fed 
into the device, and by setting a fixed value for b y and 
sweeping the frequency from 1 MHz to 1.7 GHz, the modulation 
25 level as a function of the driving frequency may be obtained. 

Figure 8a illustrates the measured frequency characteristics of 
the MO modulator for an example h y of 30 mT and a calculated 
example peak-to-peak value of b s (t) - 0.3 mT at the center of 
the MO active region. The figure shows a peaked spectrum at 
30 1.5 GHz which drops sharply to zero at 1.8 GHz. The 1.5 GHz 

peak is attributed to FMR due to the precession of M around b y . 
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Superimposed on figure 8 are the calculated Fourier power 
spectra of five electrical pulses of gaussian shapes with FWHM 
of 2 ns, 1 ns, 500 ps, 300 ps, and 100 ps (curves b-f ) - 
Clearly, pulse widths ^300 ps can be mapped onto the optical 
5 beam with little distortion, since their spectra lie within the 
uniform spectral region of the modulator bandwidth. However, 
pulse widths £100 ps are not ideal with respect to the previous 
criterion, as a large portion of the high-frequency components 
of the pulse spectrum are either over or under represented as 

10 they lie either near the FMR peak or outside the MO bandwidth, 
respectively. The portions of the spectral components which 
lie on resonance would result in oscillations (at 1.5 GHz) in 
the optical signal, leading to significant MO signal 
distortion. Pulses having widths shorter than 100 ps can be 

15 represented by increasing the biasing magnetic field, which in 
turn, will shift the FMR to a higher frequency (i.e. above the 
bandwidth of the pulse) . 

A unique feature of the MO modulator is that its 
frequency spectral characteristics can be tuned by altering b y . 

20 Figure 9c displays a typical' frequency characteristic curve of 
the MO modulator for b y = 15 mT. Overall, it shows similar 
characteristics to those of figure 8a, except that the FMR 
frequency is downshifted from 1.5 GHz to 842 MHz. Again, above 
the 842 MHz resonance the response diminishes to zero, while 

25 below it the response is constant up to -370 MHz. However, the 
behavior below resonance (< 370 MHz) lends itself well to pulse 
modulation applications. This is illustrated by a plot in 
Figure 9b of the frequency spectrum of a 2.3 ns FWHM gaussian- 
like electrical pulse fed into the device. As expected, the 
30 spectrum lies well below the FMR frequency. Small deviations 
from a gaussian shape are present in the measured spectrum, but 
the general shape resembles that of the calculated Fourier 
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transform of a 2.3 FWHM gaussian pulse, curve a) of figure 9. 
For this driving pulse, the time domain output of the MO 
modulator is displayed in figure 10. When superimposed on the 
electrical driving pulse (dashed line) , the modulated output 
5 (solid line) offers an excellent representation of the driving 
signal . 

In addition to this 2.3 ns pulse, the modulator is 
capable of mapping longer pulses onto the optical carrier. This 
is shown in Figure 11, where a variety of electrical pulses are 
10 used to drive the MO modulator. In Figure 11, the driving 
electrical pulses are shown in the left-hand column and the 
corresponding optical output signal from the MO modulator is 
shown in the right-hand column. Various pulse widths are used 
which are: (a) 500 ns (b) 100 ns (c) 10 ns (d) 5 ns. 

15 The MO modulator is capable of resolving impulses 

with much faster rise times. Figure 12 displays the output of 
the modulator input with an electrical pulse with a 10%-90% 
rise time of 320 ps (-2.0 ns fall-time) for various biasing 
magnetic fields. The MO signal rise-time of 435 ps is -35% 

20 longer than that of the electrical pulse and there is a 1.04 
GHz periodic modulation present on the slow fall. These 
oscillations are attributed to the FMR contributions to the MO 
signal. Applying a stronger static magnetic field will 
eliminate the FMR oscillations by shifting the FMR frequency 

25 beyond the spectral components of the pulse. A larger biasing 
field will also shorten the rise-time of the measured optical 
signal. This is verified in Figure 12, curves c) and d) , where 
the biasing field has been increased to 39 mT and 52 mT, 
respectively, and the rise-times are measured to be 357 ps and 

30 343 ps. 
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Figure 13 illustrates a Bi-YIG magneto-optic 
modulator constructed according to an alternate embodiment of 
the invention. In this embodiment, a cladding layer 11 is 
situated between the microstrip line 14 and the magneto-optic 
5 active layer of the optical waveguide 10. As described 

hereinbefore, the cladding layer 11 would preferably have a 
similar refractive index as the substrate 12 to effectively 
confine the lowest order modes in the optical waveguide 10. 
The thickness of the cladding layer 11 could be, for example, 

10 1.0 urn. 

Fig. 14 illustrates a Bi-YIG magneto-optic modulator 
constructed according to a further alternate embodiment of the 
invention. In this embodiment, a polarization analyzer 30 is 
used to convert a polarization modulated beam 24 into an 
15 intensity or amplitude modulated optical beam 26. The 

particular form of the intensity variations of the amplitude 
modulated optical beam 26 will depend upon the magnitude of the 
biasing magnetic field b y 18, the time-varying current signal 
I(t) 20, and the relative angle between the polarization axis 
20 of the polarization analyzer 16 and the direction of 

polarization of the original linearly polarized optical beam 
16. The waveform depicted in Figure 14 is for illustration 
purposes only, and does not necessarily correspond to an actual 
output . 

25 It should be noted that the source of the biasing 

magnetic field could be external to the MO modulator or 
internal to the structure. As such a biasing magnetic field 
generator may be internal to the structure itself and under the 
proper circumstances may be part of MO medium itself. This 

30 type of self-applied biasing magnetic field and magnetic field 
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generation is contemplated by the present invention and is not 
inconsistent therewith. 

Numerous modifications and variations of the present 
invention are possible in light of the above teachings. It is 
5 therefore to be understood that within the scope of the 

appended claims, the invention may be practiced otherwise than 
as specifically described herein. 



